rently these microbes have also found wide application in production of protein-rich or lipid-rich biomass (Rymowicz et al., 1997) . As a result of research on protein-rich biomass, on 20 September 2010 the FEFAC (European Feed Manufacturers' Federation) authorized Yarrowia lipolytica yeast, as a fodder material produced from the glycerine fraction derived from biofuel production, for marketing in the European Union. Its use in animal diets was intended not only to enrich feed compounds as a valuable source of protein, vitamins and minerals, but also to supply biomolecules with prebiotic or probiotic properties (Erasmus et al., 2005) . In this regard research is being conducted on the use of Yarrowia lipolytica yeast in raising animal species such as turkeys (Czech et al., 2014; Merska et al., 2015) or fish (Hatlen et al., 2012; Berge et al., 2013) . However, we have found no studies conducted on piglets.
Currently the most popular yeast on the market for use in animal feed is produced on a base of Saccharomyces cerevisiae and molasses. These preparations contain considerable quantities of crude protein (approx. 35.9-40.5%), and the amino acid composition of yeast includes large amounts of glutamic acid, aspartic acid and lysine (Fadel et al., 2013) . The nutritional value of yeast depends mainly on its chemical composition, which is influenced by such factors as production technology, the type of strains used and the quality of the medium serving as a source of substrates. For this reason the chemical composition of yeast of different strains may vary.
The objective of the study was to verify the research hypothesis that Yarrowia lipolytica (YL) yeast, having a more valuable chemical composition than Saccharomyces cerevisiae (SC), can improve growth performance in piglets. An attempt was made to determine what proportion of YL in a compound feed for piglets would produce measurable effects in terms of production and health.
material and methods
The experiment was carried out on 264 piglets (165 barrows and 99 gilts), from litters of line 990 sows and boars, which were assigned to three experimental groups according to their body weight and age. The experimental group consisted of 88 piglets distributed in 11 pens (8 piglets per pen). The piglets in group K (control) received a base compound feed (Table 1) with no fodder yeast. The piglets in groups YL3 and YL6 received 3% and 6% fodder yeast of the strain Yarrowia lipolytica A-101 in their feed in place of soybean meal (group YL3 -30 kg of yeast per tonne of feed; group YL6 -60 kg of yeast per tonne of feed).
In view of the fact that no studies have been conducted on piglets using Yarrowia lipolytica yeast, the experiment was performed on somewhat older and stronger individuals. The average age of the piglets on the first day of the experiment was 46 days (the piglets were weaned from the sows in the third week after birth). The experiment lasted for 39 days.
The piglets in the experimental groups received complete mixed rations: Starter I (days 1 to 21 of the experiment) and then Starter II (days 22 to 39 of the experiment). The nutrient content in each period was in accordance with NRC (1998). Yarrowia lipolytica A-101 is a commercial product. It was produced on glycerol from rapeseed biofuel production.
The piglets were fed ad libitum, with permanent access to drinking water. Nutrient content in the feed mixtures was calculated (Table 1) . Yeast in powder form was added to the feed mixtures during production of the mixtures. , S (flame atomic absorption spectrometry -AAS) and phosphorus (by spectrophotometry); and content of heavy metals (Cd +2 and Pb +2 by electrothermal atomic absorption spectrometry -ETAAS, Hg +2 by flame atomic absorption spectrometry -AAS, and As +3 by hydride generation atomic absorption spectrometry -HGAAS).
Microbiological analysis of the feed samples was performed as well (Salmonella; number of Clostridium perfringens per g; presence of coagulase-positive staphylococci in 25 g -horizontal methods; and the number of Enterobacteriaceae -plate method). Physical properties of the yeast were determined (organoleptic evaluation by the visual method and pH by the potentiometric method).
The yeast samples were also tested for the presence of mycotoxins. The contents of ochratoxin A, deoxynivalenol, and aflatoxin B1, B2, G1 and G2 were determined by high-performance liquid chromatography methods.
growth performance
Growth performance in the piglets was evaluated on the basis of measurements of their body weight, feed consumption and conversion, as well as frequency of diarrhoea.
statistical analysis
Statistical computations were carried out using Statistica v. 6.1.G software. The significance of differences between means was determined by one-way analysis of variance (ANOVA) at significance levels of 0.05 and 0.01.
results
The content of crude protein in the Yarrowia lipolytica yeast was slightly higher than in Saccharomyces cerevisiae yeast. It is particularly noteworthy that the content of crude fat in YL yeast was three times the content in SC (P≤0.01). Content of crude ash in the two species was similar, at about 8% (Table 2) .
The YL fodder yeast had significantly higher content of lysine (by about 30%) than SC yeast (P≤0.01). YL also had significantly higher content of tryptophan (by about 34%), tyrosine (by about 17%), leucine (by about 26%), isoleucine (by about 34%), valine (by about 28%), alanine (by about 50%), glycine (by about 20%) and glutamic acid (by about 22%) than SC yeast. SC yeast had significantly higher content of arginine (by about 17%) and proline (by about 41%) than YL yeast. The content of sulphuric amino acids -methionine and cystine -was similar in the two species of yeast. YL has nearly twice the content of calcium and sodium and as much as 4 times the manganese content as SC yeast (P≤0.01). Content of sulphur, potassium, magnesium and zinc was also significantly higher in the YL yeast (P≤0.05) than in brewer's yeast. Only phosphorus content was significantly (P≤0.01) higher in SC yeast than in YL (Table 3) . YL yeast had significantly (P≤0.01) higher content of vitamin B 2 (more than two-fold) and vitamin E (over 60%), whereas SC yeast had significantly (P≤0.01) higher content of vitamin B 1 (by about 21%). Content of B 6 in the two species was similar. In regard to the sensory properties analysed, the yeast had favourable properties of colour, odour, form, pH and density (Table 4) . Microbiological analysis found no Salmonella, Clostridium perfringens or E. coli (Table 4) .
The content of heavy metals in the yeast was low and did not exceed acceptable levels (Regulation of the Minister of Agriculture and Rural Development, 2012) ( Table 5 ). The results of the mycotoxin tests were within acceptable norms (EC 576/2006) (Table 5) . Table 7 presents the frequency of occurrence of diarrhoea during the experiment in each of the experimental groups. In the animals from group YL6, receiving com-pound feed with 6% YL yeast, diarrhoea was observed more frequently and lasted longer (number of days with diarrhoea = 1.45%; in the first days of the experiment 10 piglets had diarrhoea for 5 days). However, the diarrhoea had no significant effect on the growth of the animals. In comparison with the control (group K) and group YL6, daily weight gain was significantly higher in the piglets receiving feed containing 3% YL fodder yeast, with lower feed conversion from days 22 to 39 of the experiment (P≥0.05) ( Table 6 ). 
discussion
The fodder market offers many kinds of fodder yeast, with substantially different chemical compositions. The results of our study show that in terms of chemical composition and nutritional value Yarrowia lipolytica yeast is not inferior to Saccharomyces cerevisiae, which is currently on the market. Differences in nutrient content may be due to factors such as production technology or the type of cultures or substrates used. It is particularly noteworthy that YL yeast has significantly higher content of lysine than SC yeast, which makes it a more valuable source of complete fodder protein. Because YL yeast is grown on glycerol, a by-product of production of biofuels from rapeseed (Rymowicz et al., 2010) , it has substantially higher energy content than SC yeast. It should be noted that glycerol is a completely safe source of carbon and energy for YL yeast because it is registered as a feed additive (E 422) in the category 'technological additives' and there are no quantitative limits on its application in the animal species for which it is used (EC 1831 (EC /2003 (EC , 2008 . According to a study by Rymowicz et al. (1997) , Yarrowia lipolytica has the ability to accumulate large quantities of fat in its cells, in which over 90% of fatty acids are unsaturated, with a high percentage of essential fatty acids (28-44%).
Fodder These results are consistent with the results of our study, as during the second period of the experiment (days 22-39) the piglets receiving feed containing 3% YL yeast had a faster growth rate and lower feed conversion rate per kg of weight gain than the control and group YL6. Moreover, during the entire experiment the fewest cases of diarrhoea were noted in the group of piglets fed a mixture with 3% YL yeast. In the piglets fed a mixture containing 6% yeast, diarrhoea was observed more often and lasted longer. It is difficult to interpret the reduction in growth performance and the increase in the frequency of diarrhoea in the piglets receiving feed with 6% Yarrowia lipolytica yeast. This may have been due to the body's adaptation to a larger dose of a supplement which not only contains basic nutrients but is also a rich source of numerous other bioactive substances. An excessive dosage of yeast could also cause uncontrolled fermentation processes in young piglets, which may have induced this type of response. The use of a smaller amount of fodder yeast is also more economical.
Yarrowia lipolytica yeast is a rich source of basic nutrients and has a high content of valuable amino acids (lysozyme, tryptophan, tyrosine, leucine, isoleucine, valine, alanine, glycine and glutamic acid), as well as minerals (Ca ), and can be successfully used in the amount of 3% of compound feed for piglets instead of the commonly used yeast Saccharomyces cerevisiae.
